The goal of modern diabetes treatment is to a large extent focused on self-management to achieve and maintain a healthy, low HbA1c. Despite all new technical diabetes tools and support, including advanced blood glucose meters and insulin delivery systems, diabetes patients still struggle to achieve international treatment goals, that is, HbA1c < 7.5 in children and adolescents. In this study we developed and tested a mobile-phone-based tool to capture and visualize adolescents' food intake. Our aim was to affect understanding of carbohydrate counting and also to facilitate doctor-adolescent communication with regard to daily treatment. Furthermore, we wanted to evaluate the effect of the designed tool with regard to empowerment, self-efficacy, and self-treatment. The study concludes that implementing a visualization tool is an important contribution for young people to understand the basics of diabetes and to empower young people to define their treatment challenges. By capturing a picture of their own food, the person's own feeling of being in charge can be affected and better self-treatment achieved.
Diabetes treatment is challenging to adults, but even more so to young people. There is often a gap between the goal of treatment suggested by health care workers and official recommendations, versus young people's own goals. Often the priority of young people is to assimilate and be similar to their peers, this often leads to neglecting the disease and treatment recommendations. [1] [2] [3] Young people's lack of advanced cognitive function due to late maturation of the frontal lobes in the brain is a limiting factor highly underestimated by health professionals. 4 Self-care is dependent on a high level of perceived efficacy with integration of lots of information mixed with practical skills and competence. When cognitive functions are limited we need to develop systems that ease the understanding of diabetes and execution of self-treatment. Thus, pediatric and adolescent care need to be tailored to the target group to a much larger degree than practiced today.
Diabetes care and education are typically based on building competence based on theoretical and practical aspects of diabetes treatment. A lot of this theory is complex, and one needs an advanced cognitive function to be able to understand and utilize this into practical self-treatment. Magnetic resonance imaging studies demonstrate that motor and sensory brain areas mature first, the primary visual cortex matures early, while areas involved in executive functions mature later. This development pattern might facilitate the use of modern technology making use of visual imaging in this particular patient group. 5 The authors performed a study utilizing the camera in a mobile phone as an add-on to a digital diabetes diary, to create a visual-based diabetes diary and a patient-doctor consultation tool. Some results from this study have been published elsewhere. 4 This article focuses on the results regarding specific user experiences related to patient empowerment and prospective nutrition-based mobile systems that may ease daily self-care.
Food and Insulin
Understanding the amount of carbohydrates in the diet and how this affects blood glucose is 1 of the cornerstones of diabetes treatment. The total quantity of carbohydrates in food need to be calculated and the amount of insulin to be given needs to be adapted to this. We know that the insulincarbohydrate ratio is different for each individual, the need for patients and caregivers to learn from each individual's experience and reflect on this are therefore important. However, we know that the prevalence of disturbed eating behavior is high among young people with diabetes. 6 It is suggested that a strong focus on rations and carbohydrates can partly contribute to an unhealthy relation to food and diet. 7 Many patients struggle to find the right insulin dose to avoid low or high blood glucose and often look on this as a very demanding part of treatment. Parents and health care workers often suggest doses and give advice based on assumptions of amount and types of food consumed. A lot of work is performed to ease the calculation of carbohydrate in food and the amount of insulin needed. However, often patients and their carers base the use of advanced tools such as bolus calculators and each patient's own insulin-carbohydrate ratio on best guess rather than facts. If insulin doses given are based on false assumptions of carbohydrate amounts, there is no surprise that treatment goals are difficult to achieve. Patients and caregivers therefore need to share a platform where food actually consumed is presented. Therefore, capturing and presenting pictures of food eaten is a way to improve common understanding of carbohydrate amounts between patients, parents, and health care workers. Such images can therefore affect the success rate of selftreatment, and through this we may be able to affect the feeling of empowerment in young patients.
Empowerment
Empowerment in relation to people's own life and health is to a large extent based on Antonovsky's concepts of sense of coherence (SOC) and general resistance resources (GRRs), claiming that people's life orientations will have an impact on health. The SOC consists of at least 3 dimensions: comprehensibility, manageability, and meaningfulness. 8 Patient empowerment focuses on the patient as taking an active role in her or his own disease management, or as being a contributing member of the medical decision team. This includes participation in and respect for patient advocacy, selfdetermination, health care consumerism, and patient safety. 9 Empowerment is described in various ways and may be generalized as this: "A generic term for encouraging the active participation of patients and caregivers in choosing management options. It can be seen as a philosophy focusing on patients as active participants, not passive recipients, in the caring process, and thus they should be well informed about all aspects of their health, 'wellness status' and disease state, to gain maximum health benefit within the context of their social demands." 10 Funnell et al state that "patients are empowered when they have knowledge and skills, attitudes and self-awareness, necessary to influence their own behavior and that of others to improve the quality of their treatment and life." 11 It is hypothesized that to manage diabetes in different social settings we need to build more on mastery, vicarious experiences provided by social models, and social persuasiveness. 12 
Information and Communication Technology
During recent decades there has been a rapid development in information and communication technology (ICT). In health care we may see an ease in the flow of information between providers and their patients. [13] [14] [15] These technologies include the Internet, email, and mobile phone applications (apps), and are often referred to as electronic health or "eHealth." 16 Studies of the use of mobile-phone-based tools among adolescents are few. The most important reasons for utilizing mobile phone apps in health care are the widespread use of mobile phones as well as their potential to integrate information from different types of wearable computers and sensors. In many ways we seem to approach what some has called a "mobile health revolution." 17, 18 Examples of tools within diabetes is the "My Diabetes" app where user can choose either the mobile phone to enter self-management data or external sensors such as the Medtronic CareLink to import continuous glucose monitoring (CGM) system. 19 In Norway, 94% of children and adolescents (9) (10) (11) (12) (13) (14) (15) (16) have daily access to a mobile phone and 83% to a smartphone. 20 Some wearable computers like wrist bands and smart watches communicate with mobile phone apps and diabetes self-care tools. In the future the aim is to develop a convenient and easy method to include multiple lifestyle information from different devices into applications that will ease the daily treatment of diabetes. Our study is part of an ongoing search for better tools in diabetes care, thus integrating useful functions in mobile phones at this stage may be an important feature of approaching future diabetes self-care.
Method
We performed and recorded interviews with each of the informants. Some of the results have been published elsewhere. 4 
Intervention
The intervention period was 3 months and has been described in detail earlier. 4 The participants were introduced to a smartphone (HTC Touch 2), and 2 diabetes software applications. A mobile-phone-based diabetes diary called DiaMob and the diabetes message system (DMS), a short message system based on the Secure Health Dialogue SMS. 21 Generally, participants could use the DiaMob application as much as they wanted but at least 2 full 3-day registration periods were mandatory. Participants came for a consultation with the research team (midway) to discuss the usage and have a "reflection in action" talk about the mandatory 3-day recordings in the DiaMob application. At the end of the 3-month period, the informants met with the research team for a semistructured interview. The interviews lasted between 30 minutes and 1 hour.
Smartphone Applications
Application 1: DiaMob. A smartphone camera was used to capture the actual diet of the patients in the DiaMob application and targets carbohydrate evaluation and insulin dosages. To start the process they had to choose 1 out of 4 pictograms describing the actual physical activity they planned to participate in or already had been involved in. 22 Actual insulin dosage suitable for the food they planned to eat was entered and the app then started the camera function in the mobile phone and the portion was pictured. The phone and glucometer communicated via Bluetooth technology to automatically transfer the measured blood glucose values.
The picture produced by the DiaMob application incorporated relevant pre-and postprandial blood glucose values, insulin dosage given, and information of their physical activity ( Figure 1 ), and could be displayed both on the user's mobile phone and transferred to the clinician's PC during consultation. A 24-hour diabetes diary has been created demonstrating the application (Figure 2 ). Application 2: Diabetes Message System. Due to strict Norwegian laws regarding health communication, a functional Internet-based encrypted short message system based on Secure Health Dialog System was created. 21 This SMS system is referred to as the DMS. The participants were invited to use this application to send SMS messages to their providers.
Sample
We recruited a convenience sample of adolescents aged between 13 and 19 years in Eastern Norway. The participants were diagnosed with Type 1 diabetes at least 1 year prior to the start of the study, and with a current HbA1c of less than 10.0%. Twelve participants were enlisted, 7 girls and 5 boys. Of the 12 interviewees, 1 withdrew from the use of the applications halfway through the intervention due to personal reasons. All 12 participants were interviewed at the end.
Interviews
A semistructured interview guide was developed to elicit topics described in the aims of the study. The interviews were conducted in a meeting room at 2 outpatient clinics in Innlandet Hospital Trust Norway, each lasting between 45 and 90 minutes. Recordings were later transcribed; nonverbal aspects of the communication, such as pauses and laughter, were included. To analyze the interviews with regard to empowerment, we decided to use a deductive approach based on empowerment theory. 11, [23] [24] [25] [26] Theory on empowerment in regard to diabetes were assessed and through discussions in the research team a few predefined factors thought to be important to empowerment and daily care, were enlisted. To evaluate changes with regard to empowerment among the adolescents we wanted to shed light on these predefined factors (Table 1) . Some results from this study have already been reported elsewhere. 4 Questions with regard to empowerment were asked at the end of each interview to ensure that the predefined factors for empowerment were illuminated.
We also wanted to assess the way the young people evaluated their own food and the amount of carbohydrates they ate.
Ethical Considerations
The adolescents and their parents gave written consent for the study according to Norwegian requirements. The study was approved by the Regional Committee on Medical Research Ethics (Ref: 2009/773b).
Results
The participants were asked to commit to complete 2 sets of diabetes diary records, each covering a continuous period of 3 days, during the intervention. This would yield approximately 24 pictures for each participant (288 pictures). During the study, 691 pictures were downloaded (mean 50, minimum 25, maximum 94).
The overall results from the data analysis demonstrated that adolescents found both mobile applications useful as support for their diabetes self-management. These data were supported by scores on the System Usability Scale (SUS). 4 Furthermore, glycemic control, as measured by HbA1c, improved in 7 out of 11 participants completing the study. 4 With regard to the empowerment criteria, our findings suggest that the use of ICT in this setting improves factors thought to be important for these young people to feel empowered and take care of their diabetes self-treatment. To use the camera to picture the actual food the diabetes patients ate, incorporating pre and postprandial glucose measurements in the final pictures, increases the possibilities for both caregivers and patients to share a common platform to find the right insulin-carbohydrate ratio. Implementing all 4 cornerstones of diabetes treatment in the picture of actual food intake seems to increase comprehensibility, manageability, and meaningfulness (Table 1) , and should therefore be utilized in diabetes care to a larger extent.
Food, Carbohydrates, and Visualization
The adolescents stated that to see their own food made them reflect on their unhealthy habits of food intake. Even the participating health care practitioners were surprised by the amount of carbohydrates actually eaten by the Type 1 diabetes patients. Generally, the patients ate more carbohydrates than expected, and initially they underestimated the amount of insulin needed to match their daily diet. The application made it possible for caregivers and patients to evaluate amounts of carbohydrate more exact.
Discussion
The main result of this study was that the 2 applications were found useful by the participants. They reported a better understanding of the relationship between food (carbohydrates), the amount of insulin and how this affected the blood glucose levels. An increased understanding of these important cornerstones of treatment seems to improve self-treatment and the feeling of success. Succeeding in better and tighter glucose control will improve HbA1c, and we also know that this is closely linked to improved health-related quality of life. 4, 27 Success and optimism are important in influencing young people's confidence and self-efficacy in diabetes self-care and through this improved treatment results, 28,29 especially during the adolescent period, when we know that the feeling of shortcoming can be detrimental. To Told that they understood diabetes theory before start of the study. However, reported that the picture app changed their understanding of cornerstones of treatment.
Improved comprehension and increased feeling of managing the self-treatment.
This was reported as giving them an increased feeling of being able to manage the disease. • • The sense of influence over and feeling of meaning in their own life.
Most adolescents in the study felt in charge of their own life, however they talked about acceptance as an important factor. Acceptance of own disease and treatment and also acceptance from important others like friends to treatment while in different social settings.
Social settings change action readiness with regard to acceptance of disease and self-treatment. DiaMob increased social acceptance • • Feeling of being recognized with regard to self-treatment and selfmedication.
Positive response from people who know the disease is important to feel empowered. The SMS application increased the possibility for response directly from their health care professional. The direct contact with those they trust was reported as important. To know that they got an answer back, gave a feeling of acceptance and to be paid attention to.
Positive feedback leads to mastery and increases empowerment. Negative feedback leads to opposition. SMS solutions lower the threshold for contact and give adolescents a sense of "being in charge."
• • The adolescents' experience of coping-including access to and the ability to exploit knowledge, social resources, or equipment.
The most important factor for coping was seen as control of improved daily glucose values. DiaMob was reported as giving them better insight into what causes changes in glucose measurements. They reported better coping and not least increased motivation to succeed.
To see and reflect using pictures improves understanding and knowledge and affects selftreatment.
• • Changes in any desire to improve their own situation.
DiaMob gave them a visual and tangible understanding of how physical activity, food intake, and insulin dosage, interact and affect postprandial glucose measurements. This gave them a new start to change the direction of their own treatment.
Patients are empowered and can change their own lives when they are able to integrate knowledge and resources to take rational decisions. Through experience they are further able to evaluate the effectiveness of their decisions. 11 SMS solution gave them a feeling of being in charge and closer to the health care practitioners.
facilitate success in daily treatment, through better understanding of important cornerstones, is therefore crucial. DiaMob and DMS were useful in this aspect. Reports on HbA1c results and the SUS have been reported elsewhere, 4 however, it is important to keep in mind that these outcomes were used to ensure a triangulation of the study results, and despite not being the focus of this article we highlight these findings as an additional strength of our study results. Results on the predefined areas focusing on empowerment changes (Table 1) are also favorable to the mobile phone applications.
The adolescents felt that DiaMob improved comprehension of the disease and increased the teenagers' feelings of being able to manage self-treatment. Furthermore, the adolescents reported that DiaMob increased the social acceptance of the disease. Antonovsky states that feelings of comprehensibility, manageability, and meaningfulness are essential for people to take charge of their own tasks in life. 8 This has been linked to empowerment and selfefficacy and is important for taking care of a disease 24 hours, 7 days a week. The adolescents reported improved knowledge and skills, attitudes and self-awareness. These are claimed by Funnell et al as necessary for empowerment. 11 One of the results reported earlier 4 on facilitated and increased understanding and knowledge of diabetes treatment is thought to be caused by pictures being processed by parts of the brain that mature early in life. The future of diabetes care in children and adolescents probably should include picture-based material rather than traditional theoretical education.
Health care practitioners have a role in engendering optimism, in maintaining enthusiasm, and facilitating and encouraging maintenance of health behaviors. 29 It is interesting that the adolescents reported that the 2 mobile apps actually contributed to a feeling of increased support from their health care providers. Positive feedback was obtained through discussions when their own food pictures with results of glucose measurements, amount of carbohydrates, and insulin doses were discussed. The adolescents reported that to see these pictures, both on a mobile and on a clinician's PC during consultation, increased reflection, improved understanding and knowledge, and they reported better coping and increased motivation to succeed in self-treatment.
The possibility of using DMS to get in contact with their caregivers was perceived as a tool enabling them to take action and be in charge. The health care system needs to listen to this message and we need to adapt to the rapid developments in ICT and the young generation's motivation to use such tools in chronic diseases.
Empowerment has been important in diabetes care for more than 30 years. Young people actually report, in line with empowerment theory, that they feel empowered and can change their own lives when they are able to integrate knowledge and resources to take rational decisions. 11 Visualization of food and the presentation, together with pre-and postglucose measurements, insulin doses, and physical activity, gives health care providers and patients a common platform and tool to improve knowledge and enhance rational decisions. Through discussions this enables young patients to improve future self-treatment.
Food, Carbohydrates, and Visualization
Both patients and their caregivers were often surprised by the large amount of carbohydrates and unhealthy eating habits of the diabetes patients. Patients reflected on their own diet and the visualization gave caregivers and their patients a common platform based on a real world situation. A paper-based diabetes diary does not specify portions. Some pictures, like the one in Figure 1 , point out that patients actually ate a huge amount of pizza twice in less than 15 minutes. Most health care practitioners would not know the actual quantity of pizza eaten if this was reported in a traditional paper diary. DiaMob was therefore a tool that increased the possibilities to make advice on insulin doses a lot more specific and easier to understand for patients and their helpers.
Future Use
Our DiaMob app is still not available on the market. The adolescents suggested improvements for the next generation to be developed. The future direction of development should optimally incorporate technology from pumps and pods as well as the new innovative glucose meters and wearable microcomputers to better improve the accuracy of what is going on in the body in real-time. An integration of all these variables within a dynamic algorithm, acting as close as possible to an artificial pancreas, may help to enhance daily diabetes care. We believe that the time for such tools is just around the corner and our study shows that this will support young people in their self-care.
Conclusion
Mobile applications based on visualization seem to be an important way to support young people with diabetes to understand the basics of their disease and to empower them to define and cope with their treatment challenges. The person's own feeling of being in charge can be affected and better self-treatment achieved. Future diabetes care needs to implement ICT based on mobile phone applications, and/or other wearable computing applications such as smart watches and wearable sensors (eg, improved CGM systems). The prospect of applications using algorithms that integrate realtime automatically recorded activities, heart rate, blood pressure, and so on, with camera recognition to automatically analyze the amount of carbohydrates, and that communicates directly with modern CGM systems as well as pumps and pods, is no longer science fiction. Approaching prototypes and studies involving these technologies will help us enhance diabetes care and contribute to the aim of designing an artificial pancreas system.
